
Step-by-step key to Day 1 exercises.

Exercise #1: Retrieve the sequence of the BAC LB5-28F9 from GenBank

Species information



Exercise #2: Retrieve a subsequence 160000-221500 and reverse complement it



Exercise #2: Convert the extracted sequence to FASTA format

And save as a text document on your computer.

MYNAME.TXTMYNAME.TXT



Exercise #3: Find what coding sequences are present in your extracted sequence
Use Megablast



Exercise #3: How to run Megablast

LOAD input sequence here
(FASTA format)

a long word size makes searching more 
efficient for long sequences

since we know that our sequence is most closely related 
to human, we limit the search to human entries only



Exercise #4: BLAST Results for BAC sequence

Query: your  BAC sequence - Subject: database hit

Subject accession #: look in the NUCLEOTIDE database 
for information on these sequences (sse next page)

e-value: significance of the alignment.  
Alignments with the lowest e-value are 
the most significant.  However, 
remember that long alignments have 
lower e-values

3 RefSeq hits: this is a coding sequence (mRNA)



Exercise #4: Find out what are the genes present in your BAC sequence by lookin in the “nucleotide” database

search the nucleotide database for the 
accession # found in your BLAST search



Exercise #5: Use Bl2seq to locate the intron-exon boundaries of your predicted coding sequences

(TIP: work with multiple browser windows to copy and paste information)



Exercise #5: Compare your BAC DNA sequence with the sequence of the human APOA5 cDNA

blastn is the program to compare DNA to DNA

your BAC sequence file

one of the RefSeq accession numbers from your Megablast

-1

3 1

modify these parameters from the default 
settings to obtain sequence alignments 
surrounding intron-exon junctions



Exercise #5: Use Bl2seq to locate the intron-exon boundaries of your predicted coding sequences

BLAST 2 SEQUENCES RESULTS VERSION BLASTN 2.2.10 
Sequence 1 gnl|pgaberk|T022-28F9:c221500-160000 Callicebus moloch clone LB5-28F9, WORKING DRAFT 
SEQUENCE Length 61501 (1 .. 61501)
Sequence 2 gi 22091457 Homo sapiens apolipoprotein A-V (APOA5), mRNA Length 1889 (1 .. 1889)
Intron sequences are in bold and red. Look for consensus splice sites: GT-intron-AG (GT and AG are part of 
the intron)
Exon 3
Query:            45065 cccaggagcctgaaagacagccttgagcaagacctcaacaatatgaacaagttcctggaa 45124

|||  || ||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct:            165   cccgcgaccctgaaagacagccttgagcaagacctcaacaatatgaacaagttcctggaa 224
apolipoprotein AV 50     P  A  T  L  K  D  S  L  E  Q  D  L  N  N  M  N  K  F  L  E 
.....................................................................................
Query:            46201 cactcaccaggctttgcaaacccagctttccagtgctcatttgggaattctcataagttg 46260

|| ||||||||||||||||||||||| | ||||||||||||||||||| ||||| |||| 
Sbjct:            1305  cattcaccaggctttgcaaacccagcctcccagtgctcatttgggaatgctcatgagtta 1364

Exon 4
Query:            46601 agttgctcctttcaag-----gggagtagggagggagaaaggcaccatgcatgtgggtga 46655  

|||| |||| ||||||     ||||||||||||||||  |||||||||||||||||||||
Sbjct:            1360  agttactccattcaagggtgagggagtagggagggag--aggcaccatgcatgtgggtga 1417
.....................................................................................
Query:            47075 gaagcctagacttctggctcaaatgaattagatgtttatgatagaa 47120

||||||||||||||||||||||||||| ||||||||||||||| ||
Sbjct:            1825  gaagcctagacttctggctcaaatgaaatagatgtttatgataaaa 1870

Exon 2
Query:            44451 cagcgttttcggccacccaggcacggaaaggcttctgggactacttccgccagaccagcg 44510

||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||
Sbjct:            55    cagcgttttcggccacccaggcacggaaaggcttctgggactacttcagccagaccagcg 114
apolipoprotein AV 13    S  A  F  S  A  T  Q  A  R  K  G  F  W  D Y  F  S  Q  T  S  

Query:            44511 gggacaaaggcaggatggagcagatccatcagcagaagatggctcgtgaacccgcg 44566
|||||||||||||| ||||||||||||||||||||||||||||||| || ||||||

Sbjct:            115   gggacaaaggcagggtggagcagatccatcagcagaagatggctcgcgagcccgcg 170
apolipoprotein AV 33    G  D  K  G  R  V  E  Q  I  H  Q  Q  K  M A  R  E  P  A 

Exon 1
Query:            44265 agcagacaatggcaagcatggctgtcgtgctcacctgggctctggctctcctctcag 44321

|||||  ||||||||||||||||| |||||||||||||||||||||||| || ||||
Sbjct:            1     agcaggtaatggcaagcatggctgccgtgctcacctgggctctggctcttctttcag 57
apolipoprotein AV 1                       M  A  A  V  L  T  W  A L  A  L  L  S

your BAC sequence

human APOA5 cDNA

human APOA5 protein sequence

Intron-Exon junction rule: exon1 GT…….…..AG exon2



your email here

enter the exon containing intervals here
the file “outseq.out” 
contains the extracted 
sequence (text document)

Exercise #6: Use EXTRACTSEQ to extract the sequence of your predicted C. moloch APOA5 cDNA
bioweb.pasteur.fr/seqanal/interfaces/extractseq.html



Exercise #6: UseGETORF on your EXTRACTSEQ output to verify that the cDNA you extracted
contains an intact open reading frame



Exercise #7: Retrieve the human APOA5 protein sequence . There are several ways to do this:
1. You can find that information in the GenBank (nucleotide database) page for the mRNA accession #: look for RefSeq product, this is the protein 

sequence accession number

http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi2. You can query the ENTREZ gene database with the mRNA accession # ( ). Look for 
results in the “Gene” section.
Open the gene page and for the NP_xxxxxx accession number

http://www.ncbi.nlm.nih.gov/gquery/gquery.fcgi


Exercise #7: compare the APOA5 cDNA sequence of your BAC and of human protein:

your cDNA

human protein ACC#

blastx is the program to compare a DNA sequence to a protein sequence



Exercise #7: Blastx alignment of Callicebus and human APOA5

conserved 
aminoacid

aminoacid change
with a chemically similar aminoacid
(for example, negatively charged 

with negatively charged)

aminoacid change
with a chemically different aminoacid



Exercise #8-11: design PCR primer for resequencing exons 

Primers to amplify exons for resequencing of clinical samples

• Primers need to be designed in the intronic sequences surrounding the target exon.
• The goal is to pick primers that will only amplify the target region and not other parts of 

the genome.
• This is largely achieved by avoiding picking primers in repetitive regions of the genome.
• Because of poor sequencing quality near priming sites, it is good practice to design 

primers at least 30-50 bp away from the exon.

exon
: repetitive sequences

(various types)

primer design:

good

bad bad

exon



Exercise #8: retrieve the sequence of LXR-alpha exon 4 and of its 2 surrounding introns.

Use the ENSEMBL genome browser: Use the ENSEMBL genome browser: www.ensembl.orgwww.ensembl.org//



Exercise #8: retrieve the sequence of LXR-alpha exon 4 and of its 2 surrounding introns.

there are 2 alternative 
spliced forms of LXR-
alpha, also called 
NR1H3

Select 
“Redraw”



Exercise #8: retrieve the sequence of LXR-alpha exon 3 and of its 2 surrounding introns.

Length Sequence

copy these sequences to 1 text file and save on your desktop



www.repeatmasker.org/cgi-bin/WEBRepeatMaskerExercise #9: use RepeatMasker to identify repeats in your sequence

your sequence

output options

http://www.repeatmasker.org/cgi-bin/WEBRepeatMasker


Exercise #9: RepeatMasker results for human LXR-alpha intron 2/3, exon 3 and intron 3/4

position of the repeat within the sequence

masked repeat

repeat type

exon sequence



Exercise #10: Use Primer3 frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi
to design primers to amplify your exon-containing sequence

[

]

you can mark the boundary of the exon 
junction in the sequence with [ ]
for exon resequencing, leave 50 extra 
bases on both sides

default parameters are 
normally good



Exercise #11: Use BLAST for short, nearly exact matches (see BLAST page) 
to verify that your primers are unique in the human genome

these parameters are optimized for short sequence matches:
• short sequences have higher expect values even for perfect matches
• word size 7 (default value is normally 11) facilitates identifying short 

sequence matches

you can BLAST forward and reverse primers at once



Exercise #11: Inspect BLAST output: you want to see that your primers only hit your target region

correct chromosome

wrong chromosome

this match is a mix of the forward and reverse primer and can be ignored


